GPa; (b), decompressed at 3.7 1 GPa; (c), decompressed at 2.5 5 GPa; (d), decompressed at 1.9 8 GPa; and (e), decompressed to ambient pressure. Table S1 . Approximate values for the octahedral tilt angles in the cubic Im3 phase using Rietveld refinements of selected data. The octahedral tilt angle was calculated using the same procedure described by Jorgensen et al. [ref.24] Refined atomic positions for 0.80 GPa data Refined atomic coordinates for I used to calculate the tilt angle (φ), Pb-I bond lengths and octahedral tilt angle for selected pressures. Table S3 . Peak wavelength of MAPbI 3 photoluminescence spectra (Figure 4 ) collected under compression and their corresponding estimated bandgaps.
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Fig. S8
. Models for tetragonal and cubic phases of MAPbI 3 . With explicit MA cations, symmetry is significantly lowered by orientations of C-N dipole and rotation of XH 3 groups. To model high symmetry I4/mcm and Im3 , we fixed the lattice parameters to experimental values, while all atomic positions were relaxed with P1 space group of no symmetry (a), or with a space group of P4/n (b) derived from the orthorhombic phase. The two models are energetically close, with (a) P1 of lower energy. The resulting bandgaps were averaged over the two models according to Boltzmann distribution at room temperature.
